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A B S T R A C T

Objectives. An analysis was per-
formed to determine the risks and benefits
of a 10-year hormone replacement therapy
regimen that had been applied to all
women at 50 years of age in 8 countries.

Methods. Cumulative mortality
with and without hormone replacement
therapy over 20 years was estimated, with
both current and predicted total and
disease-specific secular mortality trends
and the influence of a generational cohort
effect taken into account.

Results. In countries with high is-
chemic heart disease frequency and pre-
dictable relative predominance of ische-
mic heart disease rates over breast cancer
rates for the next 20 years, hormone re-
placement therapy could result in bene-
fits with regard to overall mortality; this
advantage decreases in younger-
generation cohorts. In countries in which
breast cancer mortality predominates
over ischemic heart disease in early post-
menopause and in which the predictable
trends for both diseases reinforce this
condition, a negative effect on overall
mortality would be observed. In the
United States, the effect of large-scale
hormone replacement therapy would
change over time.

Conclusions. The long-term effect
of hormone replacement therapy on life
expectancy of postmenopausal women
may vary among countries. (Am J Pub-
lic Health. 2000;90:1397–1402)
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Hormone replacement therapy has raised
great expectations for the prevention of ischemic
heart disease in postmenopausal women.1–8The
consistency of the protective effect of oral hor-
mone replacement therapy on ischemic heart
disease found in observational studies is im-
pressive; the estimated magnitude of the pro-
tective effect is such that hormone replacement
therapy could be one of the most effective pre-
ventive measures for postmenopausal women,
if it is applied on a large-scale basis. The po-
tential beneficial effects suggested by observa-
tional data and the favorable clinical effects on
most menopausal symptoms have promoted
popularity for this gynecologic therapy, a “magic
bullet” able to restore the aging physiology with
special respect to coronary arteries.9–11

Importantquestionsremain,however.First,
howmuchobservational evidence is confirmed
by experimental evidence?The results of large
clinical studies on the efficacy and safety of
hormonereplacement therapyfor ischemicheart
disease primary prevention will not be avail-
able until the first decade of the 21st century.
This is the case for the Women’s Health Initia-
tive in the United States12 and the Medical Re-
search Council’s Women’s International Study
of Long Duration OestrogenAfter Menopause
(WISDOM) in the United Kingdom.

Second, in light of both potential benefits
and risks, what is the net balance of large-scale
use of hormone replacement therapy on popu-
lation life expectancy? Of concern is the po-
tential increase in breast cancer frequency13,14

after regular use of hormone replacement ther-
apy for many years, as recommended for the
prevention of cardiovascular disease and os-
teoporotic fractures.15,16 Decisions about pos-
sible large-scale hormone replacement therapy
should be based on its expected future bene-
fits or disadvantages for the women who will
progressively become eligible for such treat-
ment.Taking into account mortality trends and
their projections for the next decades is there-
fore crucial.

In this article, we address this issue with
a simple age-cohort approach, already used in
a similar analysis of Italian data.17 We evaluated
the risks and benefits of large-scale oral hor-
mone replacement therapy use on life ex-
pectancy, comparatively, in different world re-
gions. We analyzed to what extent the balance
between benefits and risks may depend on the
specific patterns of mortality in the different
populations over time.

Methods

We performed a risk–benefit analysis of
the use of oral hormone replacement therapy in
postmenopausal women, focusing on the bal-
ance between mortality from ischemic heart
disease and mortality from breast cancer.

Mortality projections were estimated with
a multiplicative age and cohort model. This
model assumes that the various birth cohorts
share a common age pattern of death proba-
bilities. The cohort effect moves up or down
the age curve of mortality without changing
its shape.18

Large-Scale Hormone Replacement
Therapy and Life Expectancy: Results
From an International Comparison Among
European and North American Populations 
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FIGURE 1—Observed (until 1992) and predicted cumulative risks of death from ischemic heart disease (dashed line) and
breast cancer (solid line) in the absence of large-scale change in hormone replacement therapy use between
ages 50 and 69 per 10000 women in Spain, France, Italy, and the United States.

This model has been fitted on the logis-
tic scale to mortality and population data ob-
tained for each country in 5-year age classes
and single calendar years from 1970 to 1992,
from WHO Annual Statistics.19 The model was
applied separately for breast cancer and ische-
mic heart disease and for each country. Future
age-specific mortality rates were then estimated
for each birth cohort up to the year 2010. First,
a common mortality curve was jointly esti-
mated for all cohorts, and second, the age-
specific rates of each cohort were obtained
from the common curve and the cohort-
specific relative risk was estimated for the pe-
riod 1970 through 1992. These rates were as-
sumed as reference mortality under non–
hormone replacement therapy use.

To simulate the effect of hormone re-
placement therapy, we assumed that all the
women in each country had started taking oral
estrogen and progestin replacement therapy at

50 years of age and had continued it for
10 years, as applied in previous risk–benefit
analyses.3,6 We estimated mortality levels
achievable under such large-scale treatment by
correcting reference mortality rates by the rel-
ative risks derived from the available observa-
tional studies on incidence.3–8,13,14,20 The risk
estimate largely coincided with risk estimates
reported for the American Nurses’Health Study13

and the Collaborative Study on Hormonal Fac-
tors in Breast Cancer.14 As others had done, we
used incidence relative risks because data on
the effect of hormone replacement therapy on
mortality are sparse and contradictory (see Dis-
cussion). No overall risk or benefit was ex-
pected in the first 5 years of therapy; the ben-
efit for ischemic heart disease was assumed to
be 0.88 after 5 years, 0.75 after 10 to 15 years,
and 0.88 after 15 to 20 years after the start of
hormone replacement therapy; the risk for
breast cancer was 1.2 after 10 years and 1.46

after 15 to 20 years after the start of hormone
replacement therapy. A lag of 5 years ahead in
mortality risk was applied to incidence risks,
because the average survival of patients who
eventually die from breast cancer is about
5 years.21

Cohort-specific cumulative mortality in
the absence of hormone replacement therapy
was calculated as the sum of age-specific rates
estimated by the model for the considered co-
hort in the age span 50 to 69 years. Corre-
sponding cumulative mortality in the presence
of hormone replacement therapy was estimated
in the same way from the corrected age-specific
rates. The balance between use and nonuse of
hormone replacement therapy was estimated
in terms of excess or saved deaths for selected
birth cohorts (women born in 1935–1940,
1940–1945, and 1945–1950) and for each con-
sidered country. Period-specific cumulative
mortality rates—shown in Figures 1 and 2—
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FIGURE 2—Observed (until 1992) and predicted cumulative risks of death from ischemic heart disease (dashed line) and
breast cancer (solid line) in the absence of large-scale change in hormone replacement therapy use between
ages 50 and 69 per 10000 women in Sweden, the United Kingdom, Finland, and Hungary.

were estimated as the sum of age-specific rates
and by varying birth cohort inversely to age to
keep period of death fixed. Cumulative risk of
death between 50 and 69 years of age in the
year 2000, for instance, is the sum of the mor-
tality rate at 50 years of age for women born in
1950, the mortality rate at 51 years for women
born in 1949, and so on up to the mortality rate
at 69 years for women born in 1931.

Results

The cumulative risk of death for the dif-
ferent populations shown in Figures 1 and 2
takes into account both period and cohort ef-
fects. Observed and predicted cumulative risks
of death for ischemic heart disease and breast
cancer in women aged 50 to 69 in Spain,
France, Italy, and the United States over a pe-
riod of 40 years (1970–2010) are reported in

Figure 1. The first 3 countries are character-
ized by a low cumulative risk of death for is-
chemic heart disease and higher breast cancer
risk in the 1990s; the trend points to an in-
creasing gap between ischemic heart disease
and breast cancer over time. The figure for the
United States (bottom right) reflects the dra-
matic change in ischemic heart disease mor-
tality from 1970 to 2000. The tendency of the
curves for ischemic heart disease and breast
cancer mortality is to converge, with a possi-
ble crossover before the year 2010.

The risks for Sweden, the United King-
dom, Finland, and Hungary are reported in
Figure 2. These countries are characterized
by higher cumulative mortality risk for is-
chemic heart disease compared with breast
cancer in the 1990s, and the trends over time
are such that mortality rates remain higher for
ischemic heart disease than for breast cancer;
however, for Sweden, the United Kingdom,

and Finland, the gap between the 2 curves de-
creases over time.

Figure 3 summarizes the net effect on
overall mortality of estimated excess deaths
and saved lives when we applied the estimated
relative risks for ischemic heart disease and
breast cancer mortality from observational
studies to the projected mortality trends over a
20-year period in 3 consecutive age cohorts
(women born in 1935–1939, 1940–1944, and
1945–1949). Note that the younger cohort
refers to women who may be starting hormone
replacement therapy now. As indicated in the
Methods section, we simulated a hormone re-
placement therapy regimen of 10 years starting
at 50 years of age.

In Hungary, the United Kingdom, Fin-
land, and Sweden, the expected balance be-
tween ischemic heart disease and breast cancer
mortality results in a favorable effect of hor-
mone replacement therapy use on all-cause
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FIGURE 3—Number of predicted excess deaths (right) and saved lives (left) per
10000 women treated with hormone replacement therapy in
subsequent birth cohorts of different countries.

mortality at the end of 20 years of observation
(−51.64, −12.24, −19.56, and −16.23, respec-
tively, per 10000 women in the cohort born in
1935–1939; −54.31, −5.75, −13.12, and
–14.10, respectively, in the cohort born in
1940–1944; and −30.77, −1.08, −6.5, and
–12.52, respectively, in the cohort born in
1945–1949); however, the advantage tends to
decrease over time in younger cohorts. In
France, Spain, and Italy, the expected balance
indicates an excess number of deaths as a re-
sult of hormone replacement therapy (15.57,
7.21, and 9.59, respectively, per 10000 women
in the cohort born in 1935–1939; 16.59, 9.57,
and 12.94, respectively, in the cohort born in
1940–1944; and 17.74, 14.70, and 13.02, re-
spectively, in the cohort born in 1945–1949),
with an increasing gap between excess and
saved deaths over time in younger cohorts.

For the United States, the balance shows
small differences between age cohorts, with
potential benefits only for the older women
and a trend toward a disadvantageous balance
in younger cohorts (−5.30 per 10000 women
in the cohort born in 1935–1939, 0.83 in the co-
hort born in 1940–1944, and 4.56 in the co-
hort born in 1945–1949).

Discussion

The results of our analysis point out that
populations characterized by different patterns
of mortality with regard to ischemic heart dis-
ease and breast cancer may have a different
risk–benefit balance with regard to the effect
of hormone replacement therapy on all-cause
mortality and life expectancy. In particular,
countries that are characterized by a current
pattern in which ischemic heart disease is pre-

dominant over breast cancer and that will con-
tinue to show such a pattern during the first
decade after the year 2000 (i.e., Hungary, Fin-
land, United Kingdom, and Sweden) will con-
tinue to experience a positive risk–benefit ratio
for hormone replacement therapy. However,
countries in which breast cancer is predomi-
nant over ischemic heart disease and in which
the predicted trends indicate a widening of the
gap over time (i.e., France, Spain, and Italy)
may not experience an overall benefit with re-
gard to life expectancy from large-scale use of
hormone replacement therapy. Countries such
as the United States, where the current pre-
dominance of ischemic heart disease mortal-
ity over breast cancer is shifting with time, may
experience a decline in overall benefits—up to
a negative balance—over time.

These findings suggest that generalized
statements with regard to overall benefits of
hormone replacement therapy on life ex-
pectancy cannot be made and that the over-
all effect of large-scale use of hormone re-
placement therapy on mortality will depend
on the current pattern of cause-specific mor-
tality in a particular population and its secu-
lar trend.

Theuseofhormonereplacement therapyin
women entering menopause continues to be a
hotlydebatedissue.17,22–32Themainreasonforthe
disagreement on the role of hormone replace-
ment therapy in the health of postmenopausal
womenis thelackofprecisedetailedinformation
onthepotential risksandbenefitsofhormonere-
placement therapy fromrandomizedcontrolled
clinical trials. The available evidence from ob-
servationalstudies isstronglysuggestivebutcan-
not be used as definitive because of several po-
tentially important biases that may not be
excluded from observational studies.

Women taking hormone replacement ther-
apy tend to be more aware of their physical sta-
tus, to eat better, to be leaner, and to exercise
more regularly than those who do not. In one
word, they are healthier and more health con-
scious, and this could contribute to their pro-
tection from cardiovascular disease.22,23,33,34

The available information from observational
studies on potential risks and benefits has been
used to estimate the effect of large-scale use
of hormone replacement therapy on mortality
in both the United Kingdom and the United
States.3,6,8 These results suggested an overall
benefit of hormone replacement therapy on
life expectancy in these 2 countries. However,
these studies did not take into account secular
trends of mortality for ischemic heart disease
and breast cancer in the period for which the es-
timation was performed, thus missing a cru-
cial piece of information. In addition, the
United Kingdom and the United States are
countries characterized by a predominance of
ischemic heart disease over breast cancer mor-
tality in the early phase of the postmenopausal
period (before age 60). These findings therefore
cannot necessarily be generalized to countries
in which either the predominance of ischemic
heart disease over breast cancer is smaller or
breast cancer mortality is higher than ischemic
heart disease mortality in the early phase of
the postmenopausal period.

In some countries, the average age at ini-
tiation of hormone replacement therapy is likely
to be younger than 50 years. In young women,
the ratio between breast cancer and ischemic
heart disease is higher than in older women,
so early initiation of treatment would increase
the risk–benefit ratio.

In our estimates, we did not include mor-
tality due to stroke, endometrial and colon can-
cer, or osteoporosis and bone fracture. The rea-
sons for these exclusions are as follows:

1.Prospectivestudiesdonot indicateasig-
nificant protective effect of hormone replace-
menttherapyonstrokemortalityormorbidity.5,7,35

2. The risks of endometrial hyperplasia
and endometrial cancer due to unopposed es-
trogen appear to be counteracted by the addi-
tion of progestins.20

3.The average age for hip fracture among
postmenopausal women is 80 years; the differ-
ence in bone density at 80 years of age between
womenwhousedhormonereplacement therapy
for 10 years has been estimated to be about 3%.
Thus, improvementofpopulationmortalityrates
duetobonefracture ishighly improbableamong
women taking oral hormone replacement ther-
apyfor10 yearsbetween50and60 yearsofage24;
in addition, it is difficult to estimate the effect of
osteoporotic bone fractures on mortality.

4. A negative association of hormone
replacement therapy with colon cancer has
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been suggested, but findings from studies are
inconsistent.36

The risks and benefits chosen are based
on current estimates and are comparable to
those used in other risk–benefit analyses.3,6,8

We applied a 5-year lag in estimating mortal-
ity risk for breast cancer because the average
survival of patients who eventually die from
breast cancer is about 5 years.21

As in previous risk–benefit analyses,3,6,8

the risk of breast cancer was derived from stud-
ies on breast cancer incidence rather than on
mortality after hormone replacement therapy.
Only a few studies have examined breast can-
cer mortality after hormone replacement ther-
apy, with inconsistent results.13,37–40 Willis et
al.,37 for instance, found that ever use of hor-
mone replacement therapy was associated with
a 16% decreased risk of fatal breast cancer.
This study has been criticized, because women
who already had breast cancer were excluded
from the analysis at recruitment.41 The study
showed, in particular, that through exclusion
of prevalent cases, the risk is underestimated in
women who stopped hormone replacement
therapy before recruitment. In fact, the women
who stopped hormone replacement therapy
were included in the analysis if they had not
developed breast cancer but were excluded if
they had developed cancer. Willis et al. at-
tempted to correct the bias by including the
prevalent cases.41 This is unlikely to be suc-
cessful, however, because the prevalence of
breast cancer—a commonly recognized coun-
terindication for therapy—is expected to be
low among women prescribed hormone re-
placement therapy, as pointed out by Yuen
et al.42

Colditz et al.,13 in contrast, found that
women who had been using hormone replace-
ment therapy for at least 5 years had a signifi-
cantly increased risk of breast cancer mortality
(odds ratio=1.45, 95% confidence interval=
1.01, 2.09), which is similar to our assumption.
On the other hand, hormone replacement ther-
apy has been found to be associated with im-
proved survival after a diagnosis of breast can-
cer in some but not all studies40,43–45: when stage
at diagnosis was controlled for, the apparent
survival advantage for prior use of hormone
replacement therapy disappeared.45

We used mortality as an indicator of po-
tential benefits and risks; therefore, we were
unable to consider the potential effect of hor-
mone replacement therapy on other important
outcomes, such as psychologic well-being and
quality of life. It is important to note that our
estimates of potential benefits and risks were
based on the available observational informa-
tion and that, as previously indicated, these es-
timates may not adequately reflect the real risks
and benefits of hormone replacement therapy.

A reliable estimate of the overall effect may
come from clinical trials. Such evidence is
sorely missing and will not be available until the
completion of large-scale trials on primary pre-
vention that are being conducted in the United
States and Europe. Limited evidence is avail-
able from an overview of clinical trials that
were not designed to evaluate possible cardio-
vascular benefits of hormone replacement ther-
apy.25 Those results have not supported the es-
timates derived from observational studies and
have been heavily criticized.26–31

The recently published results of the Heart
and Estrogen/Progestin Replacement Study
have shown that in women with ischemic heart
disease, the overall effect of hormone replace-
ment therapy on future risk of recurrent ische-
mic heart disease is null.46 The Heart and Es-
trogen/Progestin Replacement Study was a
secondary prevention trial, whose participants
started hormone replacement therapy mostly
after the early phase of menopause and were
followed up for a short time. These results,
however, are not sufficient to falsify the hy-
pothesis that hormone replacement therapy is
protective for ischemic heart disease, especially
when the treatment is started in the early phase
of menopause and when ischemic heart dis-
ease has not yet occurred.32

Our estimates of the secular trends of mor-
tality are based on current information and
therefore may not accurately reflect real trends;
however, note that changes in current trends
over time are presented only as a potential sce-
nario. The overall message of our findings (i.e.,
that the relative ranking of ischemic heart dis-
ease and breast cancer, both cross-sectionally
and longitudinally, is an important determinant
of the effect of large-scale use of hormone re-
placement therapy on life expectancy) should
not be affected by changes in these estimates.

In summary, the results of our analyses
indicate that populations characterized by dif-
ferent mortality patterns may experience widely
different effects of large-scale hormone re-
placement therapy use after menopause on
overall life expectancy. Both public health in-
stitutions and physicians are called to ac-
knowledge that this issue is the basis for
population-specific guidelines for ischemic
heart disease primary prevention in post-
menopausal women. Statements with regard
to the potential effect of hormone replacement
therapy on life expectancy of populations must
take into consideration both current and pre-
dicted mortality patterns.
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